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Opening Remarks 


Jim Merrick 
NOA Technical Director 


__The Incredible Game Boy _ 


e A nearly 12 year old phenomenon 


e Over 1,000 games, selling over 
300,000,000 cartridges 


e More new titles released last year than 
any previous year 


e Unparalleled market dominance 


GAME BOYadvance 


Developers Conference 2000 


___Unstoppable Momentum __ 


e Over 97,000,000 Game Boys sold to 
date 

e Nintendo recently increased production 
capacity nearly double to over 
18,000,000 Game Boys per year to 
satisfy consumer demand! 
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Do The Math! 


e Nintendo will sell: 


— 83.3 more Game Boys before I finish 
talking about this slide (minute) 


— 5,000 more Game Boys while you are 
eating lunch (hour) 


— 50,000 more Game Boys before we finish 
this conference (day) 


— 1,500,000 more Game Boys before we see 


you all at again at E3 oR eME 
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The Handheld Market 
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PORTABLE 
*18.5% Dollars 
*39.6% HW Units 
°19.7% SW Units 

3.3:1 SW/HW Ratio 


Hi Portable 
18.5% 


1998 1999 
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_US Portable Game Segment 


es 


TOTAL HW UNITS TOTAL SW UNITS 


1998 1999 


1999 


GAME BOY DOLLAR 
SHARE 


RETAIL DOLLAR VALUE 
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Widest Demographics 


NEXT GEN 
(32-64 BIT) LTD HANDHELD 
N64 PSX DREAMCAST DMG 
Under 12 23 19 10 34 
12-17 YRS 39 26 28 26 
18+ YRS 38 5D 62 40 
Male 80 80 92 66 
Female 20 20 8 34 
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Aggressive Plans for COLOR 


e Nintendo has big plans for Game Boy Color 
this year: 


Bionic Commando Jan 24 

Pokémon Trading Card April 10 
Wario Land 3 May 29 

Donkey Kong Country June 26 
Crystalis June 26 
Pokémon Attack Summer 
Pokémon Gold & Silver Fall 

Perfect Dark Fall 
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Why Mess With a Good Thing? 


e New technology provides new 
opportunities 


e We must evolve to maintain our 
leadership position 
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___Game Boy Advances... __ 


e Actual Game Boy Advance demo 
running on AGB debugger (this demo is 
provided with the debugger) 

e What you are seeing is being output to 
N64 via the new, AGB Wide Boy 


GAME BOYadvance 


Developers Conference 2000 


AGB Key Features 


e Faster, more powerful CPU 
— Most powerful CPU in any portable game 
system 
e Backward-compatible with every one of 
the 1000's of Game Boy and Game Boy 
Color games and accessories 
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___AGB Key Features 


e Advanced graphics 
— higher resolution, larger screen 
— Wide-screen aspect ratio 
— Up to 32,768 simultaneous colors 
— Sophisticated 2D graphics features 
— Hardware support for streaming video 
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AGB Key Features 


e Left and Right "shoulder" buttons 
e Enhanced audio 
e Improved serial communication 
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_____AGBLaunch Date 


e When will Nintendo launch Game Boy 
Advance in North America? 
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_AGB Pricing 


Disa cima ALAA UA IvONI OLN | 


e What will the retail price be? 
— Mass market price 
¢ How much will the cartridges cost? 


— Nintendo has not yet finalized pricing, we 
expect the cost to very similar to the 
current Game Boy Color pricing 
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_____AGBNetworking_ | 


e There has been a lot of press about 
online gaming for AGB, what is the plan 
to support this? 


— Regrettably, this is not a question we can 
answer today. The Game Boy Advance 
provides tremendous potential for 
networked games, and we intend to exploit 
these opportunities fully. We will provide 
more information on networking as soon as 
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AGB Design 
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_AGB Design 


ecm TIES 
— Approximately the same size (135mm x 
80mm x 25mm) and weight (140g) as 
Game Boy Color, oriented horizontally, with 


screen centered 
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Game Boy Advance 


e A worthy heir to the Game Boy Legacy 
— Capitalizes on Game Boy's strengths 


— Adds new capabilities to carry it well into 
this new millennium 


— Solidifies Nintendo's leadership in the 
handheld gaming market 
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___ Where's The Beef? 
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_____ Morning Agenda. 


AGB System Overview 


Steve Okimoto, Software Engineering Manager 


AGB Graphics 


Scott Perras, Software Engineer 


ARM/ Architecture Fundamentals 
Ed Plowman, Field Application Engineer - ARM LTD 


AGB Audio 


James Verhaeghe, Developer Support Specialist 
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Afternoon Agenda 


Tools Overview 
Ramin Ravanpey, Development Tools Manager 


Programming Tools 
Satoru Hosogai, Software Engineer 


FarLux 
Tetu Hirai, Software Engineer 


MusyX Sound Tool 


Jens Petersam, Senior Programmer - Factor 5 
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Afternoon Agenda, cont. 


Serial Communications 
Takuya Kuribayashi, Software Engineer 


System Calls & Conversion Tools 
James Verhaeghe, Developer Support Specialist 


Quality Assurance & Approvals 
Tim Walker, Mario Club Supervisor 


General Q&A 
All Speakers 
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AGB System Overview 
Steve Okimoto 
Software Engineering Manager 


Key Features 


e Faster, more powerful CPU 
— Most powerful CPU in any portable to date 


e Backward-compatible with all Game Boy 
and Game Boy Color games 
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Key Features 


e Larger LCD screen 

e Graphics feature set similar to SNES 
— Focused on 2D games 
— Bitmap mode for movie playback 
— Alpha-blending 
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Key Features 


e Enhanced audio 
— standard CGB sound 


— 2 PCM channels for playback of 8-bit WAV 
data 


— Speaker ( similar to CGB ) 
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Key Features 


e Serial communication 
— GBC protocol 
— 4 player mode 
— UART ( PC serial port, modems ) 
— N64 controller port protocol 
— User-defined mode 
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Dolphin Demo 


e Featuring Gecko the Dolphin 
e Running on AGB development hardware 


GAME BOYadvance 


Developers Conference 2000 


System Overview 


e CPU specifications 

e External Work RAM 

e LCD specifications 

e Buttons 

e Cartridge specifications 
e Battery 
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System Overview 


External 
3" LCD Screen WRAM 


Speaker 
Headphone 
Jack 
Battery 


Custom CPU 


( Cool stuff inside! ) 


) ©) ®) 
6) = () 
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e Custom CPU from Sharp includes: 
— ARM7TDMI core 
— CGB CPU core 
— Embedded ROM, RAM 
— 4 DMA Channels 
— 4 Timers 
— 14 IRQs 
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___CPU Specifications _ 


e Integrated ROM/RAM enables 
— lower cost 
— faster performance 
— reduced battery consumption 
— smaller form factor 
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CPU Overview 


CGB AGB 
CORE CORE 


TIMERS 
Embedded Memory Grsrical 
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CPU Specifications oe 


e ARM/TDMI core 
— 32-bit RISC architecture 
— 16.78 MHz clock 
— Little-endian 
— Thumb architecture 
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CPU Specifications 


e Thumb architecture 


— 16-bit Thumb instructions are compressed 
versions of the 32-bit ARM instruction set 


— Thumb instructions save 40% ROM space 
vs. 32-bit ARM instructions 
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CPU Specifications . 


e Thumb architecture 


— For execution efficiency, use Thumb 
instructions when operating from cartridge 
ROM 

— Use ARM instructions when operating from 
internal WRAM 

— Speed-critical functions should still use 
ARM instructions 
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CPU Specifications 


e Thumb architecture 


— Minimal overhead when switching between 
ARM and Thumb instructions 


— Best combination of performance and code 
space 
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CPU Specifications 


e CGB core 
— 8-bit Z-80 CPU 
— 2 MHz clock speed 
— Essentially unchanged from CGB 
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CPU Specifications 


e CGB core 


— Cannot execute at the same time as ARM 
core 


— Cartridge ID bit will determine the CPU 
mode 


GAME BOYadvance 


Developers Conference 2000 


_ Embedded Memory 


e ROM - 16 KBytes 

e Video RAM - 96 KBytes 

e Internal Work RAM - 32 KBytes 

e Object Attribute Memory - 1 KByte 
e Palette RAM - 1 KByte 
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___DMA Channels 


e 4 DMA Channels 
e Each channel has a dedicated IRQ 
e 3 Priority levels 

— DMA 0 - Highest priority 

—-DMA 1,2 

— DMA 3 - Lowest priority 
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_ DMA Channels: 


e DMA 0 - Highest priority 

— For H-blank, V-blank transfers 

— Only for transfers within internal memory 
e 64 KBytes maximum transfer 


GAME BOYadvance 


Developers Conference 2000 


_ DMA Channels 


e DMA 1, 2 
— Transfer to PCM FIFOs 


— General purpose transfers 
e ROM -> internal memory 
e Internal -> internal memory 


e 64 KBytes maximum transfer 
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DMA Channels 


e DMA 3 - Lowest priority 


— General purpose transfers 
e ROM -> internal memory 
e Internal -> internal memory 


e 256 KBytes maximum transfer 
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DMA Channels 


e Source, destination address 

— Increment, decrement, fixed address 
e Start timing 

— \-blank, H-blank, immediately 
e Repeat 

— DMA is re-triggered until disabled 
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Timers 


e 4 16-bit timers 


e Timer O or 1 can be used with the PCM 
channels 


e Dedicated IRQs 
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_luimers _ 


e Count-up timers 

e Timers can be linked together for longer 
intervals 

e Timer resolution 60 nanoseconds, up to 
16 seconds 
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____Interrupts 


e 14 System IRQs 
— Vertical blank 
— Horizontal blank 
— V Counter 
—DMA (4) 
— Timers ( 4 ) 
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___Interrupts — 


e Key Input 
e Serial 
e Game Pak 
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_interrupts 


e Normal interrupts 
— CPU enters IRQ mode 
— Save 6 words to interrupt stack 
— Interrupt vector stored in WRAM 
— After processing, restore registers 
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_____ Interrupts 


e Nested interrupts 


— When multiple interrupts occur, switch CPU 
to System mode 

— Save the current context in User Interrupt 
Stack 

— If you need more than 4 nested interrupts, 
you must set up the User Interrupt Stack in 
a different location 
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___ External Work RAM _ 


e 256 KBytes of External Work RAM 
e Comparison 

— Game Boy Color has 32 KBytes 

— Super NES has 128 KBytes 

— Game Boy Advance has 288 KBytes!! 


GAME BOYadvance 


Developers Conference 2000 


__External Work RAM 


e 256 KBytes of External Work RAM 
— 2 wait-state access 
— 16-bit data bus 
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___LCD screen 


e 2.4" x 1.6" LCD screen 
e Reflective TFT technology 
— Provides sharp display with no "blurring" 
e Widescreen aspect ratio 
e 240 x 160 pixel display 
e 15-bit color for 32,768 possible colors 
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e 6 buttons 
— Start 
— Select 
~A,B 
— Left shoulder, Right shoulder 
e Control pad ( Up, Down, Left, Right ) 
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Buttons 


e Key Input interrupt 


— Allows scanning for button combinations 
using logical AND, logical OR 
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___ Cartridge Specifications 


e ROM size - 256 Mbits maximum 
e ROM size - 32, 64 Mbits initially 
e Pricing to be determined 
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___Cartriage Specifications _ 


e Mask ROM for production cartridges 
— 1 wait-state for sequential access 
— 3 wait-states for random access 
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___ Cartridge Specifications 


e Saved game data ( optional ) 
— 1 Mbit Flash ROM 
— 256 Kbit Flash ROM 
— 4 Kbit EEPROM 
e No battery required for saved game 
data 
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_ Battery . 


e AGB uses 2 AA batteries 
e Provides up to 20 hours of battery life 
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___Power-saving functions _ 


e Halt 


— Stops CPU processing until interrupt occurs 
(i.e. V-blank ) 


e Stop 


— Stops LCD, CPU, etc. until interrupt occurs 
( i.e. Key Input, Serial ) 
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___Infrared Communication _ 


e Infrared interface has been removed 
from the AGB hardware 


e However, there are plans for an infrared 
accessory 


e No release date available 
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AGB Graphics 
Scott Perras 
Software Engineer 


Graphics Overview 


e LCD Screen 

e Graphics Memory 
e Graphics Modes 
e Objects 

e Graphics features 
e Special effects 
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e 240 x 160 pixel display 
— 60% larger then CGB (160x144) 
— Vertical blank is 4 times longer then CGB 
— Horizontal blank is fixed unlike CGB 

e Wide-screen aspect ratio 

e 15bit color for 32,768 possible colors 
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LCD Display Area 


68 Pixels 
16.212us 


160 Lines 
(11.749ms) 


228 Lines 
(16.743ms) 


68 Lirles 


4.994ms)| 
( ee 
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e Video RAM (VRAM) 
e Palette RAM 
e Object Attribute Memory (OAM) 
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Graphics Memory Map 
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e 96 Kbytes of Video RAM 

— 150% more than SNES 

— 600% more than CGB 
e Up to 80 Kbytes of background data 
e Up to 32 Kbytes of object data 
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e 1 Kbyte of Palette RAM 


e Evenly split between backgrounds and 
objects 


e Required for objects and backgrounds 
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Palette RAM cont. 


e Palette types 


— 16 colors x 16 palettes 


e Provides 16 color palettes each consisting of 16 
colors 


e Color 0 is transparent 

— 256 colors x 1 palette 
e Allocates all 256 colors into one palette 
e Color 0 is transparent 
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e Character Mode 


— Character and screen data are used to 
display backgrounds 


e Bitmap mode 
— Doesn't use character or screen data 
— Uses VRAM to write directly to the screen 
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Character Mode 


e Character data formats 

— 16 color x 16 palettes 

— 256 color x 1 palette 

Maximum of 1024 characters can be 
referenced for backgrounds 

Up to four screens can be displayed 
simultaneously 
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Character Mode cont. 


1 H/V Scroll 4 Transparency 
2H/V Flip 5 Fade in/out 
3 Mosaic 6 Screen Priority 


rr 


4/8/00 GAME BOYadvance 


Developers Conference 2000 


Character Mode Screen Size 
256 x 256 
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Character Mode Screen Size 
512 x 256 
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_Character Mode Screen Size_ 
256 x 512 
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Character Mode Screen Size 
512 x 512 
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VRAM Memory Map 
Background Modes 0, 1, and 2 


0x6017FFF [ie 
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Bitmap Mode 


e Two character data formats 
— 256 Indexed Color 
— 15bit RGB 


e Screen sizes from 128x128 to 1024x1024 

e Allows full screen full color images 

e Double buffering of 240x160 with 256 colors 
e Double buffering of 160x128 with 15bit color 
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Bitmap Mode 


1 H/V Scroll 4 Transparency 
2H/V Flip 5 Fade in/out 
3 Mosaic 6 Screen Priority 
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Bitmap Mode Screen Size 


ABET EDEN 


128 x 128 
Screen 0 Screen 0 
(128 x 128) or 
Transparent 
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Bitmap Mode Screen Size 


256 x 256 


Transparent Transparent 
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Bitmap Mode Screen Sizes 


512 x 512 
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Bitmap Mode Screen Size 


a Mich ube 8 Fa 


1024 x 1024 


ifanSparent Hransparent 
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VRAM Memory Map 
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_Objects _ 


e Character data formats 
— 16 color x 16 palettes 
— 256 color x 1 palette 
e VRAM mapping modes 
— Two dimensional mapping 
e Data is mapped in two dimensions 
— One Dimensional Mapping 
e Data is mapped in contiguous addresses 
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e Up to 1024 characters in memory 
e Up to 128 objects on screen 


e Up to 128 characters (8x8) ona 
horizontal line 
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e 1k Bytes of Object Attribute Memory 

— Screen X and Y position 

— Shape 
e Square 
e Horizontal Rectangle 
e Vertical Rectangle 

— Size 
e 8x8, 16x16, 32x32, 64x64, 16x8, 32x8, 32x16, 

64x32, 8x16, 8x32, 16x32, 32x64 
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Object OAM continued 


Se 


— Palette type 
e 16 color x 16 palettes 
e 256 color x 1 palette 
— Semi-transparency 
e Normal object 
e Semi-transparent 
— Rotation and Scale parameters 
— Priority (4 levels) 


— Horizontal and Vertical flippin 
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Graphics Features 


e H/V vertical Scrolling 
— Supported by all BG Modes 
e H/V character flipping 


— Supported by Character BG Modes and 
objects 


e Priority specification 
— Both backgrounds and objects support four 
levels of priority 
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Graphics Features cont. 


e Rotation and scaling (similar to “Mode 
7” on the Super NES) 


e Alpha Blending 
e Mosaic 

e Hardware fading 
e Windowing 
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Rotation and Scaling 


Computing rotation and scale parameters 


pA = cos(rotation) * (1 / scaleX); 
pB = sin(rotation) * (1 / scalex); 
pC = -sin(rotation) * (1 / scaleY); 
pD = cos(rotation) * (1 / scaleyY); 
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Rotation and Scaling cont. 


Computing the center points 


cX = ((120 - currentX) << 8) 
- (pA * 120) - (pB * 80); 
cY = ((80 - currentY) << 8) 
- (pC * 120) - (pD * 80); 
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e Performs arithmetic operations on two 
Surfaces 
— Can be either BG’s or objects 
— Surfaces must have appropriate priorities 


e Up to 16 levels of blending 
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e 16 Levels of mosaic 

e Control individual BG’s 

e On or off for objects 

e Similar to Super NES Mosaic 
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e Performs arithmetic operations on one 
Surface 


— Can be BG's and/or objects 
e 16 levels of brightness 
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Window Features 


e Two windows available 


e Control display inside and outside of 
window 


e Masking includes individual BG’s and 
objects 
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CPU Overview 


LCD Interface 
AUDIO 
CGB AGB 


CORE CORE 
TIMERS 
Serial 
Interface 
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Embedded Memory 
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AGB Audio 


James Verhaeghe 
Developer Support Specialist 


04/07/2000 


Game Boy sound’ (4 channels ) 


PCM sound ( 2 channels ) 
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Audio on the AGB 


e Something Familiar 
— Original 4 channels from the Game Boy 
— Only sound channel 3 has changed 

e New Additions 
— 2 PCM channels for WAV data playback 
— 2 dedicated Timers and DMA channels 
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Sound Register 2 Right/Left — 


channel 


Sound Register 32 selection 
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Game Boy Sound Diagram 
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Game Boy Sound Channels 


e Sound 1, 2 and 4 haven't changed 


e Sound 3 has been modified 


— The waveform RAM is doubled 
e Now 64 Nybbles (32 Bytes) 


— Now allows a 3/4 output level 
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Game Boy Registers Only 


e This Addams Family demo was created 
with MusyX for the Game Boy 

e It uses all 4 of the Game Boy channels 
— A 4 KHz sample is used in Sound channel 3 
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New Channels for AGB 


e PCM Sound Channels (A &B ) 
— Provides playback of linear 8-bit audio data 


— Uses dedicated DMA channels to transfer 
data to the PCM FIFO buffer 


— Dedicated Timers are used to stream data 
from the FIFO buffers to the output 
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_DMA Channels & PCM Sound _ 


e Each PCM channel has an 8-word FIFO 
buffer 
— An AGB word is 4 Bytes 

e DMA will automatically stream data into 
the buffer when there are 4 words of 
data remaining 
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Timers & PCM Sound 


e Timer will send data from the FIFO 
buffer to the sound channel for output 

e Use timer register to set wait time 
between sample loads 


— Set the count-up value in the timer setting 
register 


— Start the timer 
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PCM Sound Only 


e Another Addams Family demo 

e This demo uses 6 voices all played 
through the 2 PCM channels 
— Created using MusyX in about 4 hours 
— Samples being played back are 11 KHz 


— Playing through the target board's 
headphone jack 
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Audio Programming Options 


e 3 options available for music production 
— Create your own sound drivers 


— Use Nintendo's PCM conversion tool and 
the built in system calls 


— Purchase MusyX and use their libraries 
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Bringing It All Together 


e This last demo uses all 4 Game Boy 
channels and both PCM channels 


— 4 voices on Game Boy channels, 7~8 
voices combined in the PCM channels 


— Total voices used at one time - 11 
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e 4 Game Boy + 2 PCM channels 


e Will allow for best audio performance 
on any handheld platform to date 
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Where Are the Demos? 


e All of the demos are located on Wario 
World, in the AGB area's files section 


e Last demo will be posted in MP3 format 


04/07/2000 GAME BOYadvance 


Developers Conference 2000 


GAME BOYadvance 


Developers Conference 2000 


Tools Overview 


Ramin Ravanpey 
Development Tools Manager 


Programming Tools 


e Emulator/ Debugger Intelligent Systems Co. LTD 
— AGB/CGB compatible 
— Single Flash Cartridge programming 
— Windows ® NT/98/95 supported 
— Available now 
— Price $6,950.00 
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Programming Tools 


e Emulator/Debugger upgrade 
— CGB --> AGB/CGB package 
— Takes about 5 days 
— Target Price TBD 
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Programming Tools 


e Flash Cartridge Gang Writer Intelligent Systems Co LTD 
— Program up to 8 cartridges at one time 
— SCSI connection 
— "Daisy-Chain" to other writers 
— CGB compatibility 
— Windows ® NT/98/95 supported 
— Available June 2000 
— Target Price TBD 
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Programming Tools 


e GCC C Compiler Cygnus Solutions 


— Included in the AGB SDK 

e 32 bit ARM mode 

e 16 bit THUMB mode 

e 32/16 bit assembler 
— Windows ® NT/98/95 supported 
— Free! 
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Farlux Studio Bullterrier Co. LTD 


— Requires IS_Emulator 
— Imports BMP, Tiff, Gif, PICT, Farlux, etc 
— Windows ® NT/98/95 Supported 
— Operation Modes 
e Paint Mode 
e Draft Mode 
e Animation Mode 
e Map Editor Mode 
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Graphics Tools 


Character Intelligent Systems Co. LTD 
— Requires IS_ Emulator 

— Imports BMP, CGB formats 

— Animation 

— All BG modes supported 

— Windows ® NT/98/95 Supported 
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Graphics Tools 


e PIC Connector Intelligent Systems Co. LTD 
— PC Parallel port <--> AGB target board 
—IS_ Character & Farlux 
— Windows ® NT/98/95 Supported 
— Available June 2000 
— Target Price TBD 
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Audio Tools 


e AGB Sound Tool Nintendo Co. LTD 
— Requires IS_ Emulator 
— MIDI and AIFF Converter 
— System functions and library 
— Command line user interface 
— Included with SDK version 2.0 
— Available July 2000 
— Free 
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sound Tools 


EF ee et of 188-8 


Ear 


AGB 
Target {g 
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Sou nd Tools U pgrade 


——- 
IS Emulator] mip1 


Interface 
Cartridge & 


e Real-Time Preview 
e GUI 

e Sound Editor . 
° Available August 2000 (jeu 
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Audio Tools 


e MusyX Factor5 
— Hardware Independent 


— Up to 4 PSG and 20 PCM digital sample 
voices 


— Up to 16K sound effects 

— Number of songs limited by memory 
— Windows ® 2K/98/95 Supported 

— Price TBD 
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www.noa-engineering.com 


e Development Tools Information 
e Software Upgrades 

e Manuals and Documents 

e On-line tools order forms 

e Password Protected 
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GAME BOYadvance 


Developers Conference 2000 


Programming Tools 


Satoru Hosogai 
Software Engineer 


Programming Tools 


e Development Environment 
e Hardware Overview 

e IS-AGB Emulator Features 
e IS-AGB Debugger Features 


GAME BOYadvance 


Developers Conference 2000 


Development Environment 


e GCC C Compiler cygnus Solutions 
— (Supports ARM 32-bit, THUMB 16-bit) 


e C Libraries 

e C Macros 

e Image Converter (BMP, SGI, ACT) 
e Sample Programs 
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Hardware Overview 


¢ AGB Debugger/Emulator/Character and 
CGB Debugger/Emulator/Character can 
be run with one unit 


¢ SCSI connection is Daisy-chainable 


e Game pak connector can be used as a 
single flash writer 


e Ribbon Cable can load data to target 
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SCSI Connection 


* 
2 
a: 


AC 
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Emulator Features 


e Loads and executes user program 
e Debug-print feature 


e API and DLL provided for 
communication with hardware 
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ISAGB.DLL Export Functions 


AGBFindFirst 
AGBFindClose 
AGBClose 
AGBWrite 
AGBReset 
AGBSyncWrite 


AGBFindNext 
AGBOpen 
AGBRead 

AGBGo 
AGBSyncRead 
AGBSyncSoftReset 
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Debugger Features 


e Source-level debugging 
— Source Info Window/Project 
— Function List 
— Quick watch 
— Disassemble 


— Step, Trace and Step Out execution 


GAME BOYadvance 


Developers Conference 2000 


Debugger Features 
e Memory Display 


— Register 
— Memory Dump 
— Stack 


e Read/Write ROM Pak 
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FARLUX 


Tetu Hirai 
Software Engineer 


acsdmia ane S$ 


Studio Bullterrier Co. LTD 


for the 
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A 2D graphics Environment for the 
Design of Bitmaps and Animation 


GAME BOYadvance 


Developers Conference 2000 


Features of FARLUX 


e Superior color management 


e An integrated environment for seamless 
operation 


e An intuitive interface 
e Easy data export to programs 
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Modes of FARLUX 


e Paint Mode 


Users can 
seamlessly go 
from one mode 
to another! 


e Draft Mode 


e Animation Mode 


e Map Editor Mode 
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Paint Mode 


e Bitmap editing 
e Color reduction 


— Creation of natural looking reduced-color 
images by using superior color palette 
optimizing algorithms 
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Draft Mode 


e Bezier curve drawing 


e Partitioning regions 
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Animation Mode 


e Creation of many different types of 
animations from bitmaps created with 
the Paint Mode 
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Map Editor Mode 


e Redundant tile reduction of bitmap data 


e Reduction of memory required by bitmap 
data 


e Tile screen or character data 
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Supported File Formats 


e Bitmaps 
— BMP, GIF, JPG, PICT, PNG, TGA, TIFF, TPF 
(N64), and FLX (FARLUX proprietary) 
e Importable Animation Formats 
— GIF, MNG, BMP, TIFF, PICT, PNG, FLX 
e Exportable Animation Formats 


— GIF, MNG, FLX, Frame Data in ASCII text 
(e.g., scale, rotation, pause time) 
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Color Cycling 


e Shifting color values in the color palette 
to perform animation 


e Animation is quick and efficient 
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Independent Layer Editing 


e User specified effects 
— Mosaic 
— Alpha Blending 
e Effects are layer-independent 
— Up to 4 layers 
e Layered images download in real-time 
e Each layer individually edited 
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Palette Combining 


e Multiple palettes for multiple images can 
be combined 


e Several bitmaps use the same palette 
e Reduction of ROM required for palettes 
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Real-Time Data Download 


e Bitmap images can be downloaded to 
the AGB target board in real-time 

e Actual colors and animations can be 

» Viewed on the LCD of the AGB 


Emulator or 
PIC Connection 


REAL-TIME 98 
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Summary of FARLUX 


e Superior color reduction and palette 
combining 

e Animation features such as color cycling and 
flipbook animation 


e Redundant tile elimination for bitmaps 


e Real-time download of layered graphic data to 
the target board during editing 
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MusyX Sound Tool 


Jens Petersam 
Senior Programmer, Factor 5 


MusyX is a multi-platform sound 
system for Nintendo game consoles. 


MusyX supports: 
e Nintendo 64 
e Game Boy & Game Boy Color 
e Game Boy Advance 
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MusyX Features 


e Same editing program for all platforms 
e Software emulation of sound hardware 
— no devkit for sound designer needed 


e Unique sound macro language (SMaL) to 
design sounds 


e Full-featured API hides actual sound 
hardware from programmer 
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MusyX Features 


e Full support for Game Boy PSG voices 

e Extends direct sound A & B to support 32 
voices 

e Sample mix rates from 4000 to 22050 Hz 


e True 16-bit stereo sample mixer (Dolby 
Surround encoder) with sample 
interpolation 


— Minimizes clipping and aliasing artifacts 
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MusyX Features 


e Reverb effect from 1-1000ms 
— User adjustable feedback, dryness and 
wetness factors 
— Voices may be included or excluded from 
this effect 
e Pulse-width Modulation synthesis 
selectable for all sample voices 
e Dynamic and/or fixed voice allocation 
e 32-bit hand-written and optimized 
assembler core routines 
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MusyX Features 


e Unlimited number of songs per project 


— Songs are converted from MIDI to an 
internal compressed format 


e 16384 sound effects per project 

e Speed changes of a song using BPM 
rates from MIDI master track as well as 
dynamically from the programming API 
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MusyX Features 


e Easy-to-use API controls all aspects of 
music and sound effects 

e Basic means of communication between 
API and SMaL macros for simple 
program/sound interaction 
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Sound Project Production Flow 


produce new ROM file 
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Runtime Library 


e Runtime library for both Thumb and ARM 
mode 


e Requires Timer1 interrupt for sample 
generation 


e Needs to be called every VB interrupt 
e Requires interrupt nesting enabled 
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Runtime Library 


e Memory usage varies with number of 
sample voices, output rate, size of delay 
buffer and enabled features 


e CPU usage varies with number of sample 
voices, output rate and enabled features 
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Runtime Libra 


e Can be configured to meet your available 
resources by: 


— Specifying number of sample voices 
— Specifying mixing rate 
— Disabling resampling interpolator 


— Using only a monaural delay buffer 
— Overall monaural mixing 


— Keeping mixing code in ROM 
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Runtime Library 


e Execute core mixing routines from CPU 
internal RAM for maximum efficiency 


— If executed from ROM or external RAM, full 
performance cannot be achieved 


e Structures, mix buffers, delay buffer and 
code may be assigned anywhere in 
internal or external RAM 


— Internal RAM preferable because it is faster 
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Runtime Library 


e Allows start, stop, pause, resume, 
change speed, freeze and restore songs 
— Frozen songs in a user supplied buffer may 

be resumed at a later time allowing jingles 
to temporarily cut in 

e Sets master volumes for both music and 
sound effects 
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e Start and stop sound effects, change and 
update volume, panning position and 
pitch 


e Effects assigned unique IDs through 
which they are referenced 

e Set, clear, and query user flags for 
interaction with SMaL macros 


Developers Conference 2000 


GAME BOYadvance 


GAME BOYadvance 


Developers Conference 2000 


Serial Communication 


Takuya Kuribayashi 
Software Engineer 


Serial Communication Modes 


e Five serial communication modes 
— CGB protocol 
— 4-player 
— UART 
e (Universal Asynchronous Receiver-Transmitter) 
— N64 controller port protocol 
— User-defined 
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CGB Protocol 
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CGB Protocol : Specification 


e Same communication style as CGB 
— Cannot link AGB game with CGB game 
e Data width : 8/32-bit 
e Speed : 256 Kbps / 2 Mbps 
— 2 Mbps mode for future AGB accessory 
e Synchronous transfer 
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CGB Protocol : Specification 


e Using "Current" CGB link cable 
e Relationship 

— 1 Master (Internal clock) AGB 

— 1 Slave (External clock) AGB 
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CGB Protocol : Connection 


Master AGB Slave AGB 
Serial data 


Clock signal 


—SI : Serial data input 

—SO : Serial data output 

—SD : Not used 

—SC : Synchronous clock signal 


GAME BOYadvance 


Developers Conference 2000 


CGB Protocol : Flow 


e Set mode (Master/Slave), speed, etc. 
e Set sending data 

e Start communication 

e IRQ occurs when data is exchanged 
e Received data is set 
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4- Player : Specification 


e 4-player simultaneous play 
e Data width : 16-bit 

e Speed : 9.6-115 Kbps 

e Asynchronous transfer 
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4-Player : Specification 


aii hneaNpe 


e Using "New" multi-play link cable 
e Daisy-chain connection 
e Relationship 
— 1 Master AGB 
— up to 3 Slave AGB(s) 
e Automatic ID#(0-3) assignment 
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4- Player : Connection 


—SI : Input signal from prior AGB 
—SO : Output signal to next AGB 
—SD : Serial data In/Out 

—SC : Transfer start signal 


GAME BOYadvance 


Developers Conference 2000 


4-Player : Flow 


e Set mode, speed, etc. 

e Set sending data 

e Detect Master AGB 

e Start data communication sequences 


e IRQ occurs when all sequences are done 
— Data from all AGBs is set 
— ID#(0-3) is assigned 
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4-Player : Master Detection 


AARP EE LS BY MNS Lior ae AE ANT 


Master Slave-1 Slave-2 Slave-3 


e All AGBs output 'HI' to next AGB 
— Slave : Input 'HI' from prior AGB 
— Master : Input 'LO' from cable hardware 
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4- Player : Data sequence 


Master Slave-1 Slave-2 Slave-3 


GM Sending la 
—>> Data/Signal —> Data 
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4-Player : Data Sequence 


e Master sends its data first 
e Other AGBs receive the data 
e Master sends signal to Slave-1 


e Slave-1 sends its data second, then sends 
signal to Slave-2 


e As above, all AGBs send data successively | 
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UART : Specification 


e Communicate with UART serial ports 
(PC serial port, Modem, etc.) 


e Data : 7/8-bit 

e Speed : 9.6-115 Kbps 

e Odd/Even parity bit 

e 4-byte Send/Receive FIFO buffers 
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UART : Specification 


e Input CTS (Clear to send) signal 
— Control sending data 
e Output RTS (Ready to send) signal 
— Control receiving data 
e Send enable flag 
— Set when able to send immediately 
e Receive enable flag 
— Set when ready to receive 
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UART : Connection 


Master AGB Serial port 
Serial data 


Control signal 


—S|_ : Input serial data 
—SO : Output serial data 
—SD : Output RTS signal 
—SC : Input CTS signal 
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N64 Controller Port 


e Receive 4 commands from N64 

— N64 is Master, AGB is Slave 
e Speed : 250 Kbps theoretically 

— Actual data transfer : 3.2 Kbyte/sec max. 
e 4/6 bytes per command packet 

— 1 byte for command from N64 

— 2/4 byte for data from N64/AGB 

— 1 byte for status from AGB 
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N64 Controller Port : Commands 
e Device reset 
— Set Device reset command flag 
e Type request 
— Send 2-byte type number of AGB (0x0004) 
e AGB data write 
— Receive 4-byte data from N64 
e AGB data read 
— Send 4-byte data to N64 
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User-defined 


e Any protocol, any speed, any connection 
e Every terminal can be Input/Output 
e Directly read from or write to terminals 


e IRQ occurs by negative edge on SI 
terminal 
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FAQ 


STE See 


e Q1. Availability of "New" link cables? 

— 4P link cable will be available for developers 
prior to AGB launch 

— The other cables are not planned yet, they 
may be made due to a request from 
developers 

— Please let us know if you have ideas for 
"good" games using these communication 
modes 
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FAQ 


e Q2. Demo/sample programs? 
— No programs available at this time 
— When next target board is available, we will 
make them as soon as possible 
— Please suggest what kind of programs would 
be useful to you 
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System Calls & Conversion Tools 
James Verhaeghe 
Developer Support Specialist 


04/07/2000 


system Calls 


e Built in functions which allow easy 
access to specific hardware features 
— Simple to use (basic C function calls) 
— 29 currently available 
— Stored in the embedded 16Kbyte ROM 
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e The main function groups are 
—CPU (8) 
— Graphics ( 3 ) 
— Sound ( 7 ) 
— Decompression (9 ) 
— Math (2 ) 
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e Using the CPU for data transfer 


— CPUFastSet - move data quickly from one 
memory address to another 


— CPUSet - move data from one memory 
address to another 
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e Halting the CPU 
— Halt - temporarily halt CPU processes 


— Stop - temporarily halts CPU and all other 
processes 


— PauseRegRead - read Pause register status 
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e Enabling/Disabling Hardware Interrupts 
— IRQMasterDisable - Disable user IRQs 
— IRQMasterEnable - Enable user IRQs 
— FIQMasterEnable - Enable FIQs (system 
IRQs) 
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Graphic System Calls 


e Easier manipulation of graphics data 
— BGAffineSet - Rotate/Scale a Background 
— OBJAffineSet - Rotate/Scale an Object 


— OAMSortSet - Reads OAM data from one 
address and sorts it 
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e Initialize and Update the Sound Driver 


— SoundDriverInit - Set up the sound driver's 
work area 


— SoundDriverMain - Runs sound driver's 
main routines 


— SoundDriverVSync - Resets the sound DMA 


— MidiKey2Freq - Calculates PCM frequency 
using tuning values and MIDI key 
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e Adjusting Sound Hardware 


— SoundBiasSet - Starts PWM on PCM 
channels 


— SoundBiasReset - Stops PWM on PCM 
channels 


— SoundChannelClear - Clears PCM channels 


04/07/2000 GAME BOYadvance 


Developers Conference 2000 


Decompression System Calls 


e Decompressing Data from ROM to RAM 
—LZ7/7UnCompVram - LZ77 data to VRAM 
—LZ77UnCompWram - LZ77 data to WRAM 
— RLUnCompVram - RLE data to VRAM 
—RLUnCompWram - RLE data to WRAM 
— HuffUnComp - General Huffman data 
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Decompression System Calls 


e More Decompression System Calls 


— Diffi6BitUnFilter - General difference- 
filtered data 


— Diff8BitUnFilterVram - Difference-filtered 
data to VRAM 


— Diff8BitUnFilterWram - Difference-filtered 
data to VRAM 


— BitUnPack - Fixed 0 data 
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Math System Calls 


Tn 


e Division Instructions aren't Available 
— Div - General division (quotient) 
— DivRem - General division (remainder) 


— Both functions set the register values to: 


e rO=Number/Denom, ri=Number%Denom, 
r3=abs(Number/Denom) 
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Sample Function Call 


e Code from the Basketball Demo 
— Runs at 10 FPS 


if (Frame & Oxl1) { 
LZ77UnCompVram (bmpdataptr, 
(void*)BG BITMAP1 VRAM) ; 
} else { 


LZ77UnCompVram (bmpdataptr, 
(void*)BG BITMAPO VRAM) ; 


} 
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Data Conversion Tools 


e Several tools are included in the AGB 
Developer's Kit 


e The Developer's Kit is free, and so are 
these tools! 
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Data Conversion Tools 


e Image conversion to AGB formats 


e Compress data using some of the 
formats found in the decompression 
System Calls 


e Tools come with full source code 
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e ACT2AGB - PhotoShop palette conversion 

e BMP2AGEB -- General bitmap conversion 

e BMP2BIN - Bitmap to binary conversion 

e BMP2H - Extracts AGB header data from bitmaps 


e SGIZ2BMP - Convert SGI image format to 
bitmaps 


04/07/2000 GAME BOYadvance 


Developers Conference 2000 


e AGBparts - Optimizes 8x8 pixel bitmaps, 
removing duplicate data 


e BMP2Map - Converts output from AGBparts 
e BMPgarid - Partitions bitmap into specified sizes 
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e Using pre-generated makefile code from 
our AVIZBMP converter 


e Animates at 20 FPS - Maximum frame 
rate possible using compressed data 
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e The System Calls allow you to take 
advantage of the fast internal ROM 


e The Conversion tools make it easier for 
programmers to convert data to AGB 
format 


e Demos are available on Wario World 


04/07/2000 GAME BOYadvance 


Developers Conference 2000 


GAME BOYadvance 


Developers Conference 2000 


Quality Assurance & Approvals 


Tim Walker 
Mario Club Supervisor 


__Why Quality Assurance? 


e Consumer expectations are high 

e Every game is a Nintendo game 

e When you look good, we look good 
e Higher level of game quality 
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How? 


e Give top developers information early 
e Ongoing technical support 
e NOA QA process (a cooperative effort) 
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The Pipeline 


pi Nasal 


Licensee i 
Approval — 
(Licensing) 


Developer 
Approval 
(Product 
Support) 
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Developer Authorization 
— We need qualified and capable developers 
e How? 
— Evaluated by software engineers 
e What? 
— Prior works and references 


— Human resources (technical, creative, 
managerial) 


— Business organization 
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___Concept Submission 


e Concept submission is required 
e Essential to tracking development 


e Reviewed by Mario Club and software 
engineers 


e Get feedback on your design 


e Great preparation for Mario Club 
approval 
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Concept Review 


e "Advanced" features 
e Game design 

e Schedule 

e Developer 
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The Pipeline 


Ses Ali 
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___Interim ROM Review 


e Two required (50% and 75% 
recommended) 


e Feedback when you can use it 

e Game play evaluated by Mario Club 
e Technical review 

e Facilitates tracking game progress 
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The Pipeline 


SSS 
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Final Mario Club Submission 


e Complete game evaluation 
— Not just use of color 
e When the game is 90% complete 
— Playable 
— Bug tested (minor bugs OK) 
— Feature complete: all levels, stages, 
characters, etc. 


e 4 weeks (min.) Prior to Lot Check 
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__Mario Club 


“A game evaluation system that provides 
comprehensive, qualitative feedback to 
licensees & developers from 
experienced, knowledgeable evaluators” 
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Who is Mario Club? 


e Experienced, full- 
time evaluators 


e Wide range of 
experience and 
tastes 


e Effective 
communicators 


Hopeful parents 
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¢ Approval required before game can be 
submitted to Lot Check 


e Valuable resource for improving game 
quality 

e A "fresh set of eyes" never hurts 

e Used for Nintendo titles too 
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_ Methodology 


e 10 full-time game evaluators 
e Minimum of 4 hours game play 
— Depends on game depth 
e Individual written evaluations 
e Moderated round table discussion 


e Summarized reports provided to 
Licensee 
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e Games scored in 5 weighted categories 
total score ranges 0-100 


e Visual - 10% 

e Audio - 10% 

e Ease of play - 20% 

e Game consistency - 20% 
e Satisfaction - 40% 
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Vf 


Mario Club approval —__ 


e Average final game score ~69,5 (N64) 
e Majority vote 
e Not determined by score alone 
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Th 


Pipeline 
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e Required before manufacturing 
e Hardware compatibility testing 


¢ Conformance to programing cautions 
and guidelines 


e NOA and NCL testing 
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2 sis aT RSLS 


e Hardware potential is realized 
e A satisfied, happy player 

e Higher level of game quality 

e Longevity of AGB system sales 
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___ What's initforme? 


e Co-op Advertising Opportunities 
e Product Acquisition 
e Trade-show Presence 
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__FAQ's _ 


e What about acquired titles? 
e What if my dog ate my concept? 


e My game scored an 80 in MC. How 
many pieces should I order? 


GAME BOYadvance 


Developers Conference 2000 


____ Closing Wish 


‘Tf we've done our job, Mario Club 
approval becomes a formality and your 
greatest worry Is keeping your product 
on the store shelves" 
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Closing Remarks 


Jim Merrick, Technical Director 


Nintendo Support Resources 


e Nintendo is commited to providing first 
class support to our developers and 
licensees: 

— telephone 
— email 
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Nintendo Support Resources 


e Web-based support: 
— http:\\www.warioworld.com 
e programming 
— http: \\www.noa-engineering.com 
e tools 


e We look forward to working with you 
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__Re-cap | 


e Game Boy Advance will be the most 
sucessful system of the next generation 

e Nintendo is commited to the continued 
success of Game Boy Color 

e Nintendo is ready, willing and able to 
support you and your Game Boy 
Advance games 
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GAME BOYadvance 


Developers Conference 2000 


Evening Event 


e Transportation provided back to your 
hotels immediately following 


e Transportation will not be provided to 
or from our evening event 

e Attire: standard developer wardrobe -- 
keep your private parts covered! 
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___Conference Proceedings __ 


e Hardcopies of all slides are available in 
a notebook you can pick up on your 
way out 
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Thank You 


NINTENDO OF AMERICA INC, 
Developer/Licensee Purchase Order Form 


GAME BOY GAME B 


COLOR ADVANCE 


Date: 02/15/2000 Purchase Order: 


Nintendo Order Number — 
Conlat Pere 

_____ ate Entered — 
For NOA use only 


A signed Nintendo "Non-Disclosure Agreement" must be submitted before equipment may be purchased. Developers shall not relocate 
any development system components/manuals to another Installation Site without Nintendo's prior written approval. 
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Game Boy Color 
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| 38795 [Cart, DMIG-NB ash ROM/Rumble [$108.00] 80.00 
| SREe Wide Bey C50) Posse: ox nie: PAL or WT [__8680,00[ 890.00 


[37302 [Universal Game Link Cable GB [87.00 50.00 


Accessories 
57 rene nee 2 eee eee | [7] eee] fae Za eee 
[34207 JAC Adapler Color Game Boy [sss6f 80-00 | 


Shipping 


Day Overnight i ae ae ee |: ] ear, (aaa eemmanee 50) 


Our prefered provder is UPS, if you prefer another carrier 
please call the phone number listed below. 


Total Amount for P.O.: $ $0,00 
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NINTENDO OF AMERICA INC. 
Developer/Licensee Purchase Order Form 


If you have any problem with the equipment purchased call 425-861-2038 
or e-mail at support@noa.com 


Buyer's/Authorized Signature Title 


FAX completed order form to Nintendo of America Inc. Parts Department 1-425-558-7147 or 1-800-447-8362 
For assistance call 1-425-861-2038. (Monday - Friday. 8:30 am - 5:30 pm Pacific Time) 
This Order form is current as of 
02/15/2000 10:12 


Orders will be shipped via UPS two-day sevice unless otherwise specified. International orders are shipped UPS international. Any questions regarding 
availability please contact 425-861-2038 


Approved By Date Ordered Order Number 
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Ti d o Nintendo of America Inc. 
n 4820 150th Avenue N.E. 
ne o Redmond, WA 98052 U'S.A. 


425-882-2040 
Fax 425-882-3585 


Game Boy Advance Developer 
CONTACTS 
Product Support Group 


tel 425.861.2715 
email §support@noa.com 
URL https://www.warioworld.com 


Tools 
email tools@noa.nintendo.com 


Engineering 


URL http://www.noa-engineering.com 


Parts 

contact Brian Christensen 

tel 

email  @iach01@noa.nintendo.com 


